Cadmium (Cd) intake via diet (Cd-D) has been a long-standing focus of administrative as well as public concern in Japan after the endemic of Itai-itai disease (chronic cadmium poisoning). The aim of this report was to review cadmium exposure in Japan by introducing publications from our study group and related articles. Literature survey disclosed that Cd-D was high (up to 100 µg/day) in 1960s even in non-polluted areas. Such high Cd-D levels were followed by gradual decreases in 1970s-1980s to current level of well below 20 µg/day. Once, a very high Cd-D (600 µg/day) was reported for a Cd-polluted area. Replacement of Cd-polluted rice paddy soil with clean soil resulted in substantial reduction in riceassociated Cd-D. In large-scale surveys in 10 prefectures all over Japan conducted early in 2000s, the geometric mean (GM) of Cd-U cr (Cd in urine as corrected for creatinine concentration) was 1.26 µg/g cr, but was higher in one north-west sea coast prefecture in Honshu Island (>3 µg/g cr). Supplemental survey in 6 neighboring prefectures on the sea coast disclosed that Cd-U cr in some prefectures were higher as compared with the national average. It was reported that Cd in brown rice was also high. However no clear-cut indication was detected to suggest renal tubular dysfunctions. Surveys in major cities in East and South-East Asia in 1980s-1990s made it clear that Cd-D was substantially lower there than in Japanese cities; Cd exposure of general populations was almost exclusively from foods. Statistical analysis revealed that tubular dysfunction markers increased sharply when Cd-U cr exceeded 10-12 µg/g cr. The Cd-U cr level of 11 µg/g cr corresponded to Cd-D level of 59 µg/day. This level was in agreement with the tolerable weekly intake of 7 µg/kg body weight/week, the value recommended by the Food Safety Commission of Japan.
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Introduction
Cadmium (Cd) is among well-studied environmental pollutants. This metal has insidious toxicities on renal tubules and then bone tissues after a long-term exposure [1] [2] [3] . Cd levels in atmospheric air are generally low (except for some occupational environments), and Cd burden is almost exclusively through dietary intake 1, 2) . High dietary Cd intake has been a focus of administrative as well as public concern in Japan for years since the outbreak of Itai-itai disease tragedy [4] [5] [6] [7] , primarily because Cd contents in rice were suspected to be higher in Japan than in neighboring rice-producing areas, whereas rice is a traditional staple food for general populations in Japan 8) .
Dietary intake of Cd and possible health effects among general Japanese populations has been a continuous focus of scientific interest in this study group, and the group has conducted a number of researches on this subject. The major observation by this study group will be summarized in this review. To the knowledge of the authors, this study team is possibly the only group that has been conducting field surveys on Cd exposure on a whole country basis in Japan. Thus, the review is primarily on publications from this group, although the publications cited include most of field survey studies on Cd exposure in Japan. Preliminary reports have been previously published elsewhere 9, 10) .
Methods
The participants of the present study were adult subjects, mostly women. On average, 16 and 20 women/survey site took part in the studies by providing food duplicate and other samples in the first (1977) (1978) (1979) (1980) (1981) and the second studies (1991) (1992) (1993) (1994) (1995) (1996) (1997) in Japan, respectively, and 500-1000 women/prefecture offered second morning urine samples in the large-scale surveys in Japan (2000-2001 and 2004-2009 ). In the East and South-East Asia studies (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) , about 50 women/site participated in the study and offered food duplicate samples.
Dietary Cd intake (Cd-D) was determined by the 24-hour food duplicate collection 11) followed by homogenization, acid digestion and instrumental analyses for Cd [12] [13] [14] [15] . Cd in the acid digests of the food duplicates, rice (Cd-R), peripheral blood (Cd-B) and urine samples (the second morning urine samples; Cd-U) were measured by the graphite furnace atomic absorption spectrometry (GF-AAS) 12, 13) or inductively coupled plasma mass spectrometry (ICP-MS) 14) ; compatibility of the two methods was previously confirmed 14) .
Three renal tubular function markers of α 1 -microglobulin (α 1 -MG), β 2 -microglobulin (β 2 -MG) and N-acetyl-β-Dglucosaminidase (NAG) were measured by RIA, RIA (or LATEX; the two methods being compatible), and colorimetry (with MNP-GlcNAc as a substrate), respectively. Creatinine (cr) was measured by Jaffe's reaction. Concentrations in urine were presented as corrected for creatinine (ie, Cd-U cr ) in addition to the values as observed (ie, Cd-U ob ).
A log-normal distribution was assumed for distribution so that geometric means (GMs) and geometric standard deviations (GSDs) [to be shown as GM (GSD)] were taken as parameters to represent distributions. In presentation of the statistical analysis results, Pearson's correlation coefficient, r, was employed.
Approvals of study protocol by the Institutional Review Boards were described in each original article.
High Cd Levels in Rice Harvested in Japan
It was suspected that Cd content in rice harvested in Japan was higher than that in rice from other neighboring areas. International comparison on Cd-R was conducted twice and reported in three articles [16] [17] [18] including one 18) on Japanese cases, and two 16, 17) of them are summarized in Table 1 . It should be noted that the sampling was by chance with no rigid statistical strategy such as random sampling, that the samples were rice for consumption by local people and were not necessarily harvested on sites and that the numbers of samples were as small as 5 in some cases. Nevertheless, Cd-R for Japan was the second highest [only next to China (Taiwan)] in the first survey reported in 1989, and also the second highest (next to Colombia) in the second survey reported in 1996. Multiple regression analysis taking Cd-U cr as a dependent variable and Cd-R and wheat products as independent variables showed that Cd-R was the most influential factor to determine Cd-U cr 19) .
Nation-wide Survey on Small Groups of Participants Through-out Japan
As stated above, Cd contents in rice, the staple food 8) harvested in Japan, was higher than in rice from other riceproducing areas 16, 17) (Table 1) . With concern that Cd exposure was higher for Japanese populations than for other populations in neighboring areas, a nation-wide survey was conducted in winters in 1977-1981 20) (the first survey). The survey was conducted in 41 sites (where there was no known Cd pollution; see Fig. 1 [A] for survey site distributions) in prefectures from northern-most Hokkaido Island to southern-most Okinawa Islands, and about 1000 residents (mostly farmers) participated in the surveys by offering food duplicate samples (some offered peripheral blood samples in addition). In winter, 368 men and 674 women offered 24-hour food duplicate samples. GM Cd-D was 43.9 µg/day for men and 37.0 µg/day for women 20) . The survey was conducted also in previous or succeeding summers in selected sites, and 109 men and 100 women in 12 and 11 sites, respectively, provided food duplicate samples both in winter and summer. The analysis of winter samples revealed that the GM values for Cd-D were 42.7 and 33.8 µg/day for men and women, respectively. The summer GM (38.1 and 28.7 µg/day for men and women in the order) was lower than the corresponding winter values by 11% and 15% for men and women, respectively. The difference was significant for women (P < 0.01) and the combination (P < 0.05) but not for men (P > 0.10), suggesting small seasonal variations with lower values for summer 20) .
The second survey 21) was conducted in 1991-1997 in 30 sites (with no known Cd pollution) essentially at the sites the same with the first survey, and 607 women participated in the survey by offering the food duplicate, peripheral blood and morning spot urine samples. Learning from the experiences in the first survey, women rather than men were selected in the second survey because of the lower smoking rate (see Section 12 below for details of confounding effect of smoking on Cd burden) and better co-operation in food duplicate collection (including less opportunity for eating-out on social occasions). The statistical analysis showed that the GM values for Cd-D, Cd-B and Cd-U cr were 24.7 µg/day, 1.76 µg/g cr, and 3.94 µg/g cr, respectively.
Two surveys were conducted essentially at the same sites on the both occasions, and paired data on Cd-D and Cd-B for adult women were available in 19 sites both in the first and the second surveys, respectively 22) . GMs for Cd-D were 38.0 and 30.0 µg/day in the first and the second surveys, and the values for Cd-B were 3.58 and 1.98 µg/L ( Table 2 ). The differences were significant (P < 0.01) for both Cd-D and Cd-B, suggesting that the Cd burden had been reduced substantially during these years.
Estimation of Cd-D from Cd-B or Cd-U
Preliminary analyses suggested that Cd-B and Cd-U cr correlate significantly with Cd-D 23, 24) (Table 3) . Further efforts were made to obtain quantitative correlation parameters for Japanese women. In the second survey 21) , 30 pairs (of GM values by survey cites) were available for Cd-B with Cd-D and also for Cd-U cr with Cd-D. These pairs were 20) and Ikeda et al 21) ).
[B] Open circles for locations of survey sites for the large-scale survey in 10 prefectures, and solid circles for the sites for the supplemental survey in the 6 sea-coast prefectures (a solid circle is given also to Pref. No. 15 to show that the prefecture was evaluated also together with other 6 prefectures with solid circles). The number shows the number given by the administration to each prefecture. Note that Pref. No. 15 was surveyed in the former survey, and the data were evaluated also in combination with the 6 prefectures because of its sea-coast location (Revised from Ezaki et al 13) ; Yamagami et al 40) , Moriguchi et al 41) and Ikeda et al 42) ). subjected to regression analysis to examine if Cd-D could be estimated from Cd-B or Cd-U cr . The analyses showed that there existed a close correlation (P < 0.001) between Cd-D and Cd-B, and also between Cd-D and Cd-U cr 25) (Fig. 2 , Table 4 ). The regression line was Y = -1.13 + 14.36X 1 for the former and Y = 5.35 + 4.90X 2 for the latter, where Y was Cd-D (in μg/day), X 1 was Cd-B (in μg/L) and X 2 was Cd-U cr (in μg/g cr). The correlation suggested that estimation of Cd-D is possible based on Cd-B or Cd-U cr .
Annual Trends of Dietary Exposure to Cadmium; Polluted Areas and Non-polluted Areas
The first report on Cd-D was published in 1970. Subsequently, literature surveys were conducted for information on Cd-polluted areas as well as on areas with no known pollution with Cd (control areas). The results were summarized in Table 5 as a list updated and revised from a previous publication 26) . The results of the first (1977) (1978) (1979) (1980) (1981) 20) and the second survey (1991-1997) 21) of this study group were also included in Table 5 .
In 1968 when first surveys were conducted, a market basket method 11) with slight modification was employed after modification by use of locally harvested food materials. Very high Cd-D values were reported for Cd-polluted areas in a range of 320-600 µg/day 27, 28) . Even higher exposures (up to 1000 µg/day) were suspected, eg, in cases of residents in Jinzu River basin where Itai-itai disease victims lived, because tap water was not available and people used Cd-polluted river or well water for daily life including water for drinking and cooking 27) . The observation that the contribution of rice was not extremely high (30%-60%) may suggest that non-rice foods such as vegetables were harvested by use of Cd-polluted soil and water, and thus Cd contents were also high. In following years, the food duplicate method was employed in surveys in the polluted areas as well as in control areas 30, 32) . The Cd-D in other polluted areas was 92-206 µg/ day in contrast to 39-84 µg/day in non-polluted areas.
Surveys on Cd-D were repeated twice in the Sasu-Shiine River basin 33) . The first result of 206 µg/day in 1976 was obtained before the replacement of Cd-polluted rice paddy soil and the second result of 79 µg/day in 1983 was the value after the replacement with clean soil. The marked difference may show the effect of the replacement to reduce Cd in rice. The difference of the latter value (79 µg/day) from the controls (30 µg/day) might indicate remaining Cd pollution in the fields other than rice paddy where non-rice plant foods were harvested.
When the Cd-D column for non-polluted areas ( Table 5 ) was followed vertically to examine the time trends, there was an apparent downward trend from about 50-100 µg/day in 1970s to the recent level of about 20 µg/day or even lower. Various contributing factors may be considered. For example, continuous efforts have been dedicated to develop cultivation systems to suppress absorption and transfer of Cd from soil to rice grain 34, 35) . Cd content in rice was legally regulated at ≤1 ppm in 1970 and ≤0.4 ppm in 2010, and marketing of rice with Cd in excess of the limit of 0.4 ppm has been prohibited 35) . In addition, annual per capita supply of rice has been steadily decreasing from 118.3 kg in 1962 to 61.0 kg in 2006 (reduction by 48%) 36) due to changes in dietary habits. [ A ]
Cd-U cr (μg/g cr) 
Large-scale Survey in Ten Prefectures in Japan
A large-scale survey was conducted in 2000-2001 13) . The survey locations were 10 prefectures from Hokkaido Island in the north and to Okinawa Islands in the south (for locations, see prefectures marked with open circles in Fig. 1 [B] ; note that Japan consists of 47 prefectures), and more than 10,000 adult women (1000 subjects per prefecture on average) participated in the survey by offering spot urine samples and responding questionnaires on personal history of past and present disease, smoking and drinking habits, etc. Analysis of urine samples for Cd revealed that GM value was 1.26 µg/g cr for Cd-U cr . The GM levels by prefecture are summarized in Table 6 . GM Cd-U cr appeared to be higher in Pref. No. 15 (3.16 µg/g cr) as compared to the GM of Cd-U cr , 1.26 µg/g cr, for all subjects.
Supplemental Survey in Six Prefectures in Japan
Cd-D was influenced by local soil as represented by sediments in local rivers 37, 38) . In 1997-1998, Japanese Ministry of Agriculture, Forestry and Fisheries conducted a survey in which 37,250 brown rice samples were collected and analyzed for Cd contents. The data in terms of GM values suggested that Cd in brown rice (Cd-BrR) was higher in the regions on the north-west sea coast of the Honshu Island 38, 39) . Following the information, a supplemental survey was initiated in 2004-2009 in the 6 prefectures (for locations, see prefectures with solid circles in Fig. 1 [B] ) involving 50-1000 women/prefecture who offered spot urine samples (some offered blood samples in addition) [40] [41] [42] .
The GM value for Cd-U cr in each prefecture stayed within the GSD range for a whole country except for Pref. No.15. Nevertheless the variation pattern was very similar to that for Cd-BrR (comparison of patterns in top two figures of Fig. 3 [A] and Fig. 3 [B] ). GM values for two effect markers of α 1 -MG-U cr and β 2 -MG-U cr stayed around the national GMs (Fig. 3 [C] and [D] ) and well within corresponding GSD ranges. The findings that the elevation in Cd-U cr (as an internal exposure marker) varied in parallel with Cd-BrR (as an external Cd exposure marker) suggest that the exposure was there, but no clear-cut indication was available to suggest an increased prevalence of tubular dysfunction among the local general populations 42) . 
Cd Exposure in East and South-East Asia
To compare Cd-exposure in Japan with that in neighboring rice-depending areas in East and South-East Asia, surveys were conducted in 1988-1996 in 11 large cities in 6 areas 43) (for locations, see Fig. 4 ). In the Chinese continent, survey site was chosen in cities where the staple cereal was rice rather than wheat. In practice, large cities were selected because of convenience for transportation of staff and research materials. Two cities in Japan were chosen for comparison purpose. The results on Cd-D 43) are summarized in Table 7 .
GM for Cd-D in two Japanese cities combined was 32.0 µg/day. In contrast, the values for four cities in South-East Asia were in a range of 7.0-14.1 µg/day. In continental China, Cd-D was in the range of 4.9-9.8 µg/day in the four cities. The value for Nanning was rather high (21.2 µg/day), but information obtained after the survey suggested that this high value might be attributable to mining activities in the vicinity. In Korea, the GM for two cities of Seoul and Pusan combined was 20.9 µg/day, which was about two-thirds the Japanese values, yet the second highest among the areas studied.
Exposure Route of Cd: a Comparison of Oral and Respiratory Routes
A unique opportunity was obtained in the study in Kuala Lumpur, Malaysia, where data on Cd in the general atmosphere were available in literature (see References 43 and 44 for details). Cd in the air (cited from the literature) in Kuala Lumpur were almost equal to the levels in Japan ( Table 8) . Cd-D was obtained by the analyses of food duplicate samples provided by local residents. Cd-D was much higher in Japan than in Malaysia 43) ( Table 8) .
With three assumptions that the respiratory volume is 15 m 3 /day, that the absorption rates for Cd in the gastrointestinal tract and the lung are 5%-10% (7.5% on average) and 50%, respectively, and that the geometric mean of the minimum and the maximum values can be taken as the representative value for air concentration, it was possible to estimate the amounts of Cd through the oral and respiratory routes in Japan (Tokyo+Kyoto) and in Malaysia (Kuala Lumpur) (the uptake column in Table 8 ). Further calculation for the ratio of the amount taken up through oral route over total amount (ie, the amount through oral and respiratory route; the right-most column for 'Oral/Total') showed that the oral uptake was almost exclusive for Cd irrespective of Cd levels in air.
Estimation of Cd-U Level to Induce Adverse Health Effects in Terms of Tubular Function Markers
Chronic exposure to Cd is known to induce renal tubular dysfunction, and three tubular function markers of α 1 -MG-U, β 2 -MG-U and NAG-U have been commonly studied [3] [4] [5] 13, 44) . Among them, data were most abundant for β 2 -MG-U. Retrieval for publications on Japanese populations in international journals on Cd-U cr in combination with β 2 -MG-U cr gave data on 33 groups (16 groups in polluted areas and 17 groups in non-polluted areas) of men and 59 groups (29 groups in polluted areas and 30 groups in non-polluted areas) of women in 1977-2001 45) (Table 9 ). In evaluating the increase in β 2 -MG-U cr in the exposed groups, two levels were selected, ie, >400 and >1000 µg/g cr (in terms of GM for a group). The selection gave 12 and 10 groups for men and 25 and 19 groups for women. When regression analyses were conducted in cases of women (Fig. 5 [A] ), the line for the groups in non-polluted areas had a very shallow slope (−2.5 µg β 2 -MG-U cr /μg Cd-U cr ). In contrast, the line for the groups in polluted areas (with >400 µg β 2 -MG-U cr ) had a very steep slope of 6194 µg/μg, and analysis with >1000 µg β 2 -MG-U cr cases gave an even slightly steeper slope (6642 µg/μg). The lines for the groups in polluted areas met with the line for the groups in non-polluted areas at Cd-U of 11.0 and 11.7 µg/g cr, respectively ( Table 9 ). The observation was essentially reproduced when data for men were analyzed (Fig. 5 [B] ), and gave 10.0 and 11.0 µg/g cr for the crossing points between the line for the groups in non-polluted areas and the two lines for the groups in polluted areas 45) (Table 9) .
A trial was made to make a similar analysis taking all cases published from Japan either in Japanese or in English, but it was not productive in the sense that no solid conclusion could be drawn due to wide scattering of data, possibly due to variation in the survey methods employed, eg, the methods of analyses for Cd 46) .
Data on α 1 -MG were less abundant for Japanese population. Even when data for men and women were combined, only three group GM values were available for the exposed, whereas data on the non-exposed groups appeared to be sufficient 47) . The analyses (Fig. 5 [C] ) in a manner similar to that for β 2 -MG (Fig. 5 [A] , Table 9 ) gave regression lines both for the exposed groups (although only three group GMs were available) and for the non-exposed groups. The two regression lines met at Cd-U cr of 11.6 µg/g cr ( Table 9) . No analysis was possible for NAG because there were no published data on this marker for the exposed group.
The analyses with α 1 -MG and β 2 -MG agree to suggest that Cd-U at 10.0-11.7 µg/g cr would be the Cd exposure level to induce sharp increase in these tubular function markers. The application of the Cd-U cr values to the equation to convert Cd-U to Cd-D (ie, Y = 5.35 + 4.90X where X is Cd-U cr in μg/g cr and Y is Cd-D in μg/day; Section 4 and Table 4 above) gives 54.4-62.7 µg/day or 59 µg/day after rounding up of the average.
Benchmark dose (BMD) approach has been winning popularity recently as a method to find critical levels to induce hazardous effects not only in experimental studies but also in epidemiological surveys. The data from the 10 prefecture survey and the supplemental survey in the 6 prefectures (16 prefectures for α 1 -MG-U cr and β 2 -MG-U cr , and 10 prefectures for NAG-U cr in total) were employed for BMD calculation 48) (hybrid application 49) ). These three effect markers were introduced to the calculation after logarithmic conversion. In practice, NAG data were not available for 6 prefec- tures, and in addition, BMD could not be calculated for NAG in one prefecture because NAG did not show dose-response relation in that prefecture. Calculation results are summarized in Table 10 . The median BMD was 1.46, 1.65 and 1.47 µg Cd-U/g cr for α 1 -MG-U cr , β 2 -MG-U cr , and NAG-U cr , respectively. It should be noted however that there were substantial variations in BMD values depending on the prefectures surveyed. The maximum/minimum ratio was 3.22 for α 1 -MG-U cr , 3.66 for β 2 -MG-U cr , and the ratio was as large as 7.11 for NAG-U cr . It is apparently too optimistic to expect that the BMD approach will give a single reliable value across populations even in a country predominantly of a single race such as Japan. Further analysis disclosed that the BMD value is affected by Cd exposure levels and ages 48) (Table 11 ).
Confounding Factors on Cd-U to Mislead Cd-D Evaluation: Smoking and Irondeficiency Anemia
Smoking is a well-known non-dietary factor to induce elevation in Cd-U 3,4,50) as cigarette smoke contains Cd. Nevertheless, it had been difficult to detect smoking-induced elevation in Cd-U among Japanese populations, possibly because Cd-U was high even among non-smokers whereas smoking-induced elevation was relatively small. The Cd-U data from the 10 prefecture survey 13) were classified in reference to the information on smoking habits; the smoking habits were classified in terms of number of cigarettes consumed a day. To make precise comparison, the cases (all adult women) were matched in terms of place of residence (ie, in the same prefecture) as background exposure to Cd might vary due to variation in Cd-D such as Cd in rice, as discussed previously. The analysis 51) revealed that GM Cd-U cr increased up to 0.6 µg/g cr as a function of number of cigarettes smoked daily up to 10 pieces (Fig. 6) . A levelling off was observed at more extensive cigarette consumption. Compared with GM Cd-U cr level in the general population, 1.26 µg/g cr 13) (Table 5) , the smoking-induced elevation in Cd-U cr will be by 50% (ie, 0.6/1.26 µg/g cr). It was also known that interaction takes place in the absorption mechanism in the intestine between iron (Fe) and Cd (eg, Reference 52) and iron-deficient subjects may have a higher risk of increased Cd absorption (eg, Reference 53). Fe intake has been insufficient among Japanese women 8) and the risk of Fe deficiency-induced elevation of Cd burden was considered to be possible. To examine such possibilities, a call for participation was made in 6 prefectures, and 1190 non-pregnant and non-lactating never smoking women responded by answering questionnaires and offering peripheral blood and spot urine samples 54) . Blood analyses for serum iron, ferritin and total iron binding capacity (TIBC) in addi- [A] β 2 -MG with Cd-U in women. Each symbol represents a GM value for a study group: solid circles for Itai-itai disease patients, solid triangles for chronic Cd poisoning-suspected patients, solid rhomboids for residents in polluted areas, and open circles for residents in non-polluted areas. Solid and broken regression lines are for the groups with >400 and >1000 β 2 -MG-U/g cr, respectively. For equations, see Table 9 . (Cited from Ikeda et al 45) ).
[B] β 2 -MG with Cd-U in men. Legends are as for Fig. 5 [A] .
[C] α 1 -MG with Cd-U. Each dot represents GM values for a group. For regression line equations, see Table 9 . (Cited from Moriguchi et al 47) ) tion to red blood cell counting (RBC) and hemoglobin identified 36 anemic cases (3.0% with Hb <10 g/100 mL blood) and 280 Fe-deficient cases (23.5% with <20 ng ferritin/mL serum). Controls to anemic (36 pairs) and Fe-deficient cases (280 pairs) were selected as matched in terms of age and prefecture of residence. No significant difference was detected in Cd-U cr between anemic cases and controls, and also Fe-deficient cases and controls (P > 0.05 for both comparisons). Thus, no effect of anemia or Fe-deficiency on Cd-U cr was detected. On an individual basis, however, one case of Fedeficient anemia at the clinical level (Hb, 3.6 g/100 mL; RBC, 219 × 10 4 cells/mm 3 ; ferritin, 1.3 ng/mL; Fe, 9 µg/100 mL) was detected. Her Cd-U cr was 2.39 µg/g cr, which appeared to be higher than the level for the prefecture (1.81 µg/g cr) where she lived. The case might suggest that Cd-U will be elevated in the case of severe anemia 54) .
Discussion
The present analyses on the Cd-U cr level for possible increase in α 1 -MG and β c2 -MG suggested 10-12 µg/g cr as the critical Cd-U cr level (see Section 11) . It was further developed that there exist linear correlation between Cd-D and B and also Cd-D and Cd-U cr with two equations Y = -1.13 + 14.36X 1 and Y = 5.35 + 4.90X 2 , where Y is Cd-D (μg/day), X 1 is Cd-B (μg/L) and X 2 is Cd-U cr (μg/g cr) (see Section 5) . The application of 10-12 µg/g cr (or X 2 = 11 µg/g cr as an average) to the second equation gave 59 µg/day, which is approximately equal to 1 µg/kg body weight/day (or 7 µg/kg body weight/week) when the average body weight of 60 kg is considered for adult Japanese of both sexes in combination 10) . This value is in agreement with the tolerable weekly intake (TWI) recommended by Food Safety Commission of Japan in 2008 55) . The Joint FAO/WHO Expert Committee on Food Additives (JECFA) decided 0.007 mg/kg body weight/week as the provisional tolerable weekly intake (PTWI) in 2005 and 25 µg/kg body weight/month as the provisional tolerable monthly intake (PTMI) in 2013 56) .
Comparative evaluation of the two estimation methods (ie, Cd-B-based estimation and Cd-U cr -based estimation; Section 5) with regard to the reliability may deserve discussion. Application of the nation-wide GM for Cd-B of 1.23 µg/ L 14) to the above-cited equation for Cd-D gave 16.5 µg/day, whereas the nation-wide GM for Cd-U cr , 1.26 µg/g cr 13) , gave 11.5 µg/day when applied to the second equation. Both estimates agree with each other in the sense that both suggest further reduction in Cd-D in recent years. Nevertheless, the apparent discrepancy between the two estimates may need further discussion. Because within-individual variation (ie, variation observed after repeated measurement of Cd-B and Cd-U cr of the same subjects) was larger for Cd-U cr whereas Cd-B was stable (ie, the maximum/minimum ratio = 1.1 for Cd-B and 1.6 for Cd-U cr ) 57) , the Cd-B based estimate should be better respected than the Cd-U cr based estimate. Cd-B was however less available than Cd-U in literature, possibly reflecting the invasive nature of blood sampling. The same approach in estimating Cd-D from Cd-B or Cd-U might be applicable also to other rice-depending populations in Asia as to Japanese populations. BMD values, 1.4-1.8 µg Cd/g cr as medians (Table 10) , were substantially lower than the α 1 -and β 2 -MG epidemiology-based values of 10-12 µg Cd/g cr ( Table 9 ). It should be noted that benchmark response (BMR) = 5% (or BMR = 10%) was approximately equivalent to an increase of 0.12 (or 0.25) mg α 1 -MG-U/g cr and 31 (or 70) μg β 2 -MG-U/g cr when the procedure is taken into consideration that α 1 -MG-U cr and β 2 -MG-U cr were employed after logarithmic conversion, because the GM values were 2.54 mg α 1 -MG/g cr and 115 µg β 2 -MG/g cr for general populations in Japan 13) . These values are well within biological variations for individuals 57) , and the elevations may have only limited toxicological significance, even though it was statistically significant. In fact a population with Cd-U cr of 3 µg/g cr (corresponding to ca. 20 µg Cd-D/day; see Section 5), Cd-D did not induce meaningful increase in β 2 -MG in urine 58) . It should also be noted that BMD shows substantial variations subject to variations in ages and Cd exposure intensities among the populations studied 48) .
There may be several limitations in this review. Firstly, the present large-scale survey (together with the supplemental survey) could examine only 16 prefectures whereas Japan consists of 47 prefectures. In addition, NAG could be analyzed even in smaller numbers of prefectures. These limitations were primarily due to financial difficulties. Secondly, the primary focus of the study was to obtain a general bird's-eye view on Cd exposure in Japan and its time trends. For this purpose, the areas with no known Cd exposures were selected. Thus, it was not aimed to detect specific areas or cases with elevated Cd-D due to known or apparent Cd exposures, eg, Jinzu River basin [4] [5] [6] , Kakehashi River basin 59, 60) ; Sasu-Shiine River basin 33) , or farming families with high Cd exposure 61) . Thirdly, the study was basically cross-sectional and no long-term follow-up of a given subject or population was intended. It was not possible to control ages strictly, although participants were mostly women at middle ages. It was previously confirmed that aging in addition to gender influences urinary levels of Cd and tubular dysfunction markers [62] [63] [64] , and thus night induce bias in the evaluation 65) . The fourth limitation relates to the exposure-effect analysis. It is quite possible that higher exposures in the past affect the changes in the effect markers at the time of survey. Such may be a problem common to field studies on pollutants with a year-long biological half-life such as Cd. Rather wide variations both in exposure and effect parameters (eg, Fig. 5,  Tables 4 and 9) are also a limitation inherent to field surveys on human subjects. There may be multiple (unidentified) Fig. 6 . Smoking dose-dependent increase in Cd-U. Note that the vertical axis shows the increase in Cd-U as observed (Cd-U ob ) over the levels for non-smokers. The level (GM) for non-smokers were about 1.26 µg/g cr or 1.26 µg/L (Ezaki et al 13) ). Δ stands for the increment over the level for non-smokers. (Cited from Ikeda et al 51) ).
factors to induce variations among individuals which are not taken into consideration in the analysis. Nevertheless, data from people are the only information sources for the analysis on human subjects.
Conclusions
Five points may be drawn as conclusions, ie, 1. Cd intake through daily diet was reported to be as high as 50-100 µg/day in 1968-1969 even in non-polluted control areas. A very high intake of ≥600 µg/day was reported for the area where Itai-itai disease was endemic. Through various efforts, such high intake had been gradually reduced in following years to reach current level of <20 µg/day in non-polluted control areas.
2. Cd in rice was relatively high in some north-west sea coast prefectures in Honshu Island. Cd in urine was elevated in parallel with Cd in rice, but no clear-cut indication was detected for renal tubular dysfunction.
3. Dietary Cd intake in other East and South East Asian areas were lower than the levels in Japan. 5. α 1 -microglobulin and β 2 -microglobulin in urine increased sharply when Cd in urine exceeded 10-12 µg/g cr. Introduction of X 2 = 11 µg/g cr to the equation described above, Y (dietary Cd intake) was calculated to be 59 µg/ day, which agrees with the current TWI of 7 µg/kg body weight/week, when 60 kg is assumed for an average body weight of adult Japanese men and women in combination.
